Purpose: Tight glucose control is essential for 18-Fludeoxyglucose (18F-FDG) positron emission tomography (PET) imaging. A strategy to ensure appropriate glucose levels is to advise a carbohydrate free diet prior to scanning. This alters glucose metabolism which can have ramifications on tissue FDG biodistribution. The aim of this study is to evaluate the effects of advising a carbohydrate free diet for two days prior to PET scan on FDG uptake in the liver, heart, bone marrow, skeletal muscle and tumor.
increase in glucose transport proteins such as GLUT-1 and increased levels or activity of hexokinase that leads to increased uptake and retention of 18F-FDG [1, 2] . Additionally there is increased glycolysis in cells with increased metabolic demand [3] . This characteristic is utilized during 18F-FDG imaging to evaluate biologic tumor activity.
Normal tissue will take up 18F-FDG, albeit to a lesser extent than tumor. It is sometimes difficult to differentiate normal from abnormal tissue [4] . For this reason optimal glucose metabolism is needed during PET imaging. Patients with diabetes mellitus pose a challenge given frequent elevated serum glucose levels on the day of imaging. Multiple publications have demonstrated detrimental effects of a high serum glucose level on tumor FDG uptake [5, 6] . Moreover, multiple studies document a lower standardized uptake value (SUV) in tumors found in patients with elevated serum glucose levels than those who do not [7, 8] . This is mainly caused by direct competition between 18F-FDG and glucose for tumor uptake [9] . To prevent this potential influence on imaging, serum glucose levels are routinely obtained from patients at the time of 18F-FDG imaging and those with elevated levels may need to be rescheduled. This may pose a scheduling conflict and financial implications since the radiopharmaceutical is wasted. Multiple strategies have been employed to ensure optimal glucose control on the day of imaging. At our institution we ask all patients to maintain a low carbohydrate diet for 1-2 days prior to the exam.
The metabolic milieu is altered when patients are on a high protein and low carbohydrate diet (HPLC). There is decreased fasting and postprandial serum glucose levels, increased serum triglycerides, decreased serum insulin levels and increased gluconeogenesis within the liver [10, 11] . Multiple studies document altered 18F-FDG biodistribution after a HPLC diet.
Brown fat and cardiac uptake decrease when patients are on such a diet, and utilizing a HPLC diet may decrease uptake in these normal structures and help to optimize image interpretation [12] . Our experience shows that patients on a HPLC diet 1-2 days prior to 18F-FDG PET scanning have better glucose control on the day of imaging. It is conceivable that this altered metabolism will affect tissue 18F-FDG biodistribution. The aim of our study is to compare normal and tumor 18F-FDG biodistribution between patients who have maintained a HPLC diet 1-2 days prior to scanning and those who have continued their regular diet. Cutoff values are commonly utilized to distinguish normal from pathological radiotracer uptake. The effects of a HPLC diet on tissue 18F-FDG biodistribution may alter tissue specific max SUV for detection of biological tumor activity in organs that are normally visualized on 18F-FDG imaging.
Material and methods
All patients scheduled to receive an 18F-FDG PET/CT scan at our outpatient facility are informed to maintain a diet high in protein and low in carbohydrates for two days prior to their scheduled scan. Patients are advised by the scheduling coordinator as to which foods to avoid and which foods to consume based on standard low carbohydrate diet guidelines. On the day of the exam the coordinator records which foods the patients consumed over the prior two days and whether they adhered to the advised diet. A retrospective review of 228 consecutive patients (age 64.6 ± 12.4) receiving 18F-FDG PET/CT scans at our institution was performed. This study was approved by our institutional review board.
PET procedure
FDG PET images were acquired with a whole-body Discovery ST PET/CT scanner (General Electric Medical Systems, Milwaukee, WI) about 50 minutes after the administration of 18F-FDG of 296-444 MBq (8-12 mCi). All patients fasted for at least 6 hours prior to the study. Patients were maintained in a quiet room for approximately 50 minutes prior to scanning. Patients were positioned in the supine position on the scanner bed, and emission scans centered on the 511 keV photon of 18 Fluoride were obtained as 5 minute in duration bed position acquisitions (5-6 bed positions per patient) from skull base to proximal thigh. A low dose CT scan was obtained immediately prior to emission imaging for attenuation correction and image fusion. Tomographic reconstructions were generated for both coregistered CT and emission images. Images were reviewed on an Xeleris 1.0 workstation (GE).
Data acquisition
In addition to the tumor (when available) non-pathological regions were chosen to represent normal tissue biodistribution. These sites included; the right and left lobes of the liver, left ventricle, sacrum, and thigh (see Figure 1) . Maximum standardized uptake value (maxSUV) was utilized to quantify tissue 18F-FDG uptake. Regions of interest were chosen over each anatomic site (coronal images) and maxSUV was recorded. Data was recorded using Microsoft Excel.
Statistical analysis
Results are expressed as mean ± standard deviation for numerical values and as "yes or no" for diet adherence.
Comparison between the maxSUV of the specified tissue groups for the patients who adhered to the diet were compared with those who did not using the t and Mann-Whitney tests. A probability value (p-value) less than 0.05 was considered statistically significant. 
Results

Patient characteristics
Of the 228 patients studied, 144 (62.9%) adhered to the diet and 85 (37.1%) did not. Of the 144 patients who adhered to the diet, 101 specified the number of days that they were on the diet -39 for 1 day and 62 for 2 days. The overall mean serum glucose level was 120.73 mg/dL (67-201). Table 1 shows the mean age and serum glucose levels for each group. Table 2 shows the average maxSUV for the respective tissues between the two groups. There was a statistically significant increase in average maxSUV in patients on the HPLC diet with regard to the right (8.2% increase, p<0.003) and left lobes of the liver (8.8% increase, p<0.003). There was a statistically significant decrease in average maxSUV in patients on the HPLC diet with regard to the left ventricle (10% decrease, p<0.040). No significant difference was identified within the other tissues including tumor. 
Tissue average maxSUV between the two groups
Discussion
This study highlights the relationship of glucose metabolism and tissue 18F-FDG uptake in the liver and left ventricle. We demonstrated that a short interval HPLC diet significantly increased maxSUV in the liver and decreased maxSUV in the left ventricle.
Multiple studies have shown a decrease in left ventricular maxSUV on HPLC diets [13] . Harisanker et al. reported a decrease in left ventricular maxSUV from 5.06 to 3.09 [14] . Our study reinforces the fact that a HPLC diet can decrease left ventricular maxSUV. A proposed explanation for this decrease is that when patients are on a HPLC diet there is increased access to fatty acids and hence reduced glucose metabolism. Some studies have shown greater myocardial suppression when fatty loading is added to the low carbohydrate diet by having the patients increase fat consumption [15, 16] .
To our knowledge, no study has demonstrated an effect on normal liver FDG uptake with HPLC diets. The reason for the increased uptake in the liver is unclear. Documented changes in the liver during a short interval low carbohydrate diet include depletion of glycogen stores, increased gluconeogenesis and production of ketone bodies [17, 18] .
Our results indicate that a patient's diet can affect normal tissue uptake even if the diet was only for a short period of time.
In everyday practice interpreting physicians must differentiate normal from pathological tissue uptake in organs that are normally visualized on 18F-FDG imaging. Sometimes this is based on a cut off SUV value [19] . A simple dietary change can affect this threshold as we have demonstrated in the liver.
Although not a primary objective in our study, we did not demonstrate a statistically significant difference in tumor uptake between the groups. This fact is reassuring given that maxSUV in tumor has been shown to be a prognostic indicator [20] [21] [22] .
Our study has multiple limitations. Our patients were not on strictly controlled diets. Although strict instructions were given to the patients, the actual food consumption was not monitored aside from self-reporting. Additionally, some patients indicated that they were on the low carbohydrate diet for two days prior to the study while others only one day. Other patient characteristics that may affect glucose metabolism such as documented diabetes or serum triglyceride levels were not available for our patient population and may have affected the results.
Conclusions
Altering carbohydrate intake can significantly affect the metabolic milieu (FDG biodistribution in normal tissues). The liver max SUV in patients on the carbohydrate free diet prior to PET scanning was significantly higher than those who were not. This difference should be kept in mind when defining a normal threshold maxSUV in the liver.
